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(54) METHOD FOR PRODUCING HARD PROTECTION COATINGS ON ARTICLES 
ALUMINIUM ALLOYS 

(57) The proposed invention relates to the sphere of 
plasma electrolytic oxide coating of aluminium alloys. 
The method incorporates anode-cathode oxide coating 
in an alkaline electrolyte at a temperature of 15-50°C, 
using 50-60 Hz frequency alternating current. In the ini- 
tial stage of the process oxide coating is carried on for 
5-90 seconds at a current density of 160-180 A/dm . 
then the current density is dropped to 3-30 A/dm and 
the process is continued in a regimen of spontaneous 
diminution of power demand without on-line adjustment 
of the regimen until the set coating thickness is 
achieved. The alkaline electrolyte used is an aqueous 
solution of alkaline metal hydroxide at 1-5 g/l. an alka- 
line metal silicate at 2-15 g/l. an alkaline metal pyro- 
phosphate at 2-20 g/l and peroxide compounds at 2-7 
g/l (in terms of H 2 0 2 - 30%). The proposed method ena- 
bles the protective properties of ceramic oxide coatings 
to be enhanced through an increase in the micro-hard- 
ness, density and strength of adhesion to the substrate 
without any additional energy outlay or time required. 
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100181 The hydroxide phases, however, possess rectifying properties Consequently the imposibon of pulses of 
neoatve polarity anode-cathode process) causes breakdowns at places where the coafng .8 un.polar ,n nature. The 
Tod disc a S lowing a cathode discharge begins a, a h,gh ox,de layer permeabi.it. Thus with alternate current 
, oolahsa on of an a.uminium alloy electrode, a dense oxide coating of even thickness ,s formed thereon 

Sl9 r The techn,cal design proposed in the method forwh,ch the application is being made ,nvo ves dehvenng - 
Lropofar pulses to the electrode both at the initial stage of the process at a high current density and also ,n an estab- 
lished reqimen at an optimal current density, which is substantially different to the known methods 
002U] The positive effect is obtained by the occurrence of powerfu. m,cro-arc discharges at the high curren density 
,o Sue in the Jial period of ox,de. coating which prov.de intensive mixing of the substrate metal and the oxide films^ 
This inaeases the mutual diffusion of the substrate substance and the coating and he ps to increase «V^*£ 
he r adhesion Analysis of the boundary between substrate and coating shows a blurred adhesion zone, ind.cat.ng the 
forltnTan enlarged diffusion zone. During such a short time interval the non-productive e.ectnc energy consump- 
tion is minimal and the electrolyte temperature in the bath changes very little. 
)S |oo21] The time taken to attain the estab.ished sparking regimen, and consequently also the overa.l ox.de coafng 

S2T TuTZ^ll^ density and oxide coating process duration values have been ^JjJ^ 
The current density in the initial stage of 160-180 A/dm 2 was determined from the conduon of the maximum rate of 
oxide coahg of aluminium with selected electrolyte composition. The duration of the in,t,al stage ,s selected spec^caHy 
for each alloy, but increasing the time above 90 seconds does not bring about any perceptible changes ,n the quality of 
the coatinq though it does cause higher electricity consumption. 

0023] | To obtain even oxide coatings, especially on items of comp.ex shapes, a. the established stage , of the , a«d. 
coatinq process it helps to alternate an anode-cathode process with a cathode process. ,n which only cathode pulses 
are Zered o t e item and there is additional activation of the surface being coated. In this case the P™ <™"£ 
dipped with a unit for regimen cycling which sequentially switches in and out the anode-cathode or cathode reg men 
Sdurlns. The duraL of delivery of anode-cathode pulses is 5-30 seconds, and the duration o de ive of cath 
od pules is 1-10 seconds. The curren. density of the cathode pulses during the cathode regimen ,s 5-25 /„ of the cur- 
S2S during the anode-cathode regimen. The alternation of anode-cathode and cathode reg,mens helps to 
nmHnrp denser and less porous coatings of even thickness. 
30 ?0024] Examples of the shape of the pulses of the process current and their sequence in time with the different elec 
trolysis regimens are illustrated in graph form in Figures 1-4. 

FIGURE 1 illustrates the current shape in an anode-cathode regimen, when the polarisation is obtained through an 
alternating sinusoidal current. 

FIGURE 2 illustrates the current shape in an anode regimen when the polarisation is obtained solely through an 
anode current. 

FIGURE 3 illustrates the current shape in a cathode regimen when the polarisation is obtained solely through a 
40 cathode current. 

FIGURE 4 illustrates the curren. shape in an anode-cathode regimen with cathodisation when an a Iternatior , (with 
sd periods) is carried out between alternating current polarisation and purely cathod.c amplitude-asymmetrical 
polarisation, where: 
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A - current amplitude in anode-cathode period; 

a - current amplitude in cathode regimen (cathodisation); 

a = 0.05-0.25; 

T ac - duration of anode-cathode period. T ac = 5-30 s; 

T . duration of cathode period. T c = 1-10 s. 



100251 Attempts to use peroxide compounds in electrolytes as a source of chemically-bonded oxygen have been 
made by several researched (US. A. 5275713; US. A. 5069763; SU. A1. 1767094). The problems here have been ,n 
Zt 2m * solutions, since the intens.ty of breakdown of the peroxide compounds rises under the mfluence of 

" Si to°t"s invention, the addition of peroxide compounds to the composition of a known ^ electrolyte 

She new composition new propert.es. The a.kal.ne metal pyrophosphate (to a greater extent) and the alkahne 
metal Lt^to a lesser extent) that are present in the composition of the e.ectro.yte are excellent hydrogen-perox.de- 
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based oxidant stabilisers. 

[0027] Despite the fact that pyrophosphates give solutions with a higher pH than other phosphates, for example 
Na,HP0 4 the H 2 0 2 stabilisation effect is much more strongly manifested in them When prepared electrolyte * kept 
for 10 days, no breakdown of H 2 0 2 occurs. This enables the new electrolyte composition to be utilised ,n industrial pro- 

[0028] The introduction of peroxide compounds into an alkaline pyrophosphate-silicate electrolyte has a positive 
impact both on the electrolysis process and on the quality of the coating formed. 

[00291 Hydrogen peroxide is simultaneously a source of free OH radicals and of oxygen. Diffusion of oxygen mov- 
ing out of the electrolyte towards the surface of the electrode with dissociation of H 2 0 2 leads to intensification of ther- 
mochemical plasma reactions on the surface of the item being coated. The rate of oxide layer formation is increased by 
10-25%. The micro-hardness of the coating is also increased through a rise in the aluminium oxide content in the phase 
composition of its high-temperature alpha phase. 

[00301 The specific nature of the oxide coating process in the new electrolyte is. moreover, assoc.ated with an 
ncreased capture of free electrons in the solution by the peroxide anion and. consequently, with an increase ,n the 
energy of the positive ions coming into the solution from the discharge: The result of this effect is a more intensive 
polymerisation of pyrophosphate and silicate Initiation of polymerisation and polycondensate chains in the solution 
leads to intensive formation of insulating layers on the electrode, which causes an increase in the breakdown voltage, 
and this in turn leads to a rise in the micro-hardness of the coating. 

[00311 Finally, systems of various inorganic polymers and oxides of aluminium are formed with mutually penetrating 
and mutually reacting structures, which makes the coating elastic and resistant to vibration and impact loads. 
100321 The threshold values of component concentrations in the electrolyte composition are determined experi- 
mentally At component concentrations below the threshold values indicated, the oxide coating process continues a. 
high current densities, and the coat.ngs that are obtained are uneven, with enhanced porosity around the edges of the 
item. A rise in the component concentration above the threshold values causes thick, brittle and inelastic coatings to be 

ra b 033i ed Among the peroxide compounds which may be utilised are hydrogen peroxide and/or alkaline metal perox- 
ides (Na 2 0 2 . K 2 0 2 . Li 2 0 2 ). or alkaline metal peroxo-solvates (peroxophosphate. peroxocarbonate. peroxoborate and 

io°034] The invention is illustrated by the example given below and in the table. A 200 mm diameter disc of 016 alloy 
AlCu.Mq,) 20 mm deep, machined to the set size, was subjected to oxide coating (surface to be coated 7.5 dm ). The 
tern was immersed on a current supply into a 600 litre bath which was a counter-electrode, and a compressor was 
switched on to bubble air through the electrolyte. The electrolyte used was based on distilled water with 2 g/l caustic 
potash 3 g/l sodium silicate glass. 4 g/l sodium pyrophosphate and 3 g/l hydrogen peroxide (30%)^ With the aid of a 
125 kW power source, positive and negative voltage pulses (anode-cathode regimen) were delivered in an alternating 
sequence to the item and the bath at 50 Hz frequency. During the first 10 seconds, oxide coating was carried on a a 
current density of 160 A/dm 2 , then the current density was lowered to 10 A/dm 2 and oxide coating was continued with- 
out any further interference until a coating thickness of 1 30 microns was achieved. The current density at the end of the 
process was 6 A/dm 2 . The electrolyte temperature was maintained in the 35-45°C range. After oxide coating, the Hems 
were washed in warm water and dried at 80°C. 

[00351 In the oxide coating process, the average current in the circuit and the amplitude values of the anode and 
cathode components of the power voltage were monitored. The instantaneous current and voltage values were 
recorded using an oscillograph. The strength of the adhesion between the oxide coating and the metal was determined 
using a pin method (calculated as the ratio of the detachment force to the area of damaged coating). The micro-hard- 
ness was measured on taper micro-sections (calculated as the arithmetic mean value after 10 measurements at differ- 

45 ent oxide layer depths). . . . 

[0036] The table gives a comparison of the electrolysis regimens and the coating characteristics obtained on items 
of AlCiuMq? alloy using the known methods and the proposed method. 

[00371 As may be seen from the table, the proposed method provides the following technical and economic bene- 
fits' wear-resistant coatings of comparable thickness are formed 1.1-1.25 times more quickly without increasing he 
5 o electricity consumption. At the same time the micro-hardness of the coating is increased by 15% on average, and the 
strength of adhesion to the substrate material rises by 15-20%. 

[0038] The proposed method thus enables ceramic-oxide coatings with good protective and phys.cal/mechanica 
properties to be obtained reliably on aluminium alloys. The coatings have a high micro-hardness and high strength of 
adhesion to the substrate metal, which virtually precludes domination during use. 
55 [0039] The electrolyte used in the proposed method features exceptional stability and presents no environmental 
hazard It contains no chlorides, fluorides, ammonia or heavy metal salts. 

[0040] The method is put into effect on simple and reliable process equipment using commercial frequency alter- 
nating current with minimal operating costs. 
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Commercial applicability 



[00411 The proposed method may suitably be used to apply wear-resistant coatings to aluminum alloy terns ope - 
environments where abrasrve and corrosive factors are present, for example, p-stons and cV-der hne s o ,n,er- 
s n7combus«on engines, pump and compressor parts, hydraulic and pneumatic equ,pment parts, plan beanngs. stop 
and control valves, radiators, heat exchangers, etc. 



Table 



Electrolyte composition, electrolysis regi- 


Known method (DE 


Known method (RU 
2070622} 


Proposed method 


mens, coating and oxide coating process 






characteristics 








1. 


Electrolyte composi- 
tion: 










Potassium hydroxide, 


n 
Z 


1 


2 














Sodium silicate, g/l 


9 


o 
z 


3 




Sodium pyrophos- 


- 


3 


4 




phate, g/l 










Hydrogen peroxide, 


- 


~ 


3 




(30%) ml/l 










Distilled water, I 


<1 


<1 


< i 


2. 


Coating formation reg- 
imens: 










Anode voltage ampli- 


690 


720 


7 an 

f OU 




tude at end of process, 










V 










Cathode voltage 


300 


350 






amplitude at end of 










process, V 










Current density 










(anode and cathode), 










A/dm 2 
















1 fin 




-in initial stage 








- in established stage 


6 


8 


106 




Electrolyte tempera- 


30 


40 


40 




ture. °C 










Oxide coating time, 


180 


150 


135 




min. 








3. 


Coating characteris- 
tics: 










Oxide coaxing thick- 


1 100 


130 


130 




ness, microns 










Micro-hardness, Gpa 


16.0 


16.4 


18.6 




Strength of adhesion 


297 


309 


358 




to substrate. Mpa 
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Table (continued) 





Electrolyte composition, electrolysis regi- 
mens, coating and oxide coating process 
characteristics 


Known method (DE 
4209733) 


Known method (RU 


Proposed method 


5 


4. 


Process characteris- 












tics: 












Per unit energy 


0.090 


0.085 


0.080 






demand. kWh.dm" 








10 




2 /micron 












Electrolyte stability, 


30-90 


180-400 


150-300 






A.h/I 









(5 Claims 
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1 A method of obtaining protective coatings on aluminium alloy items, the method including an anode-cathode oxide 
coS process in an a'ka.ine electrolyte a, a temperature of 15-50*. using 50-60 Hz alternate c-en. c^rac- 
tense Tin that in an initial stage of the process, oxide coating is carried out for 5-90 seconds at a current density of 
160-180 A/dm 2 the current density is then reduced to 3-30 A/dm 2 and the process is continued in a regimen of pro- 
gressively diminishing power demand until a coating of a required thickness is obtained. 

2. A method according to claim 1 , wherein oxide coating in a diminishing power demand regimen is carriec I out with 
alternation of anode-cathode and cathode regimens, a duration of delivery of anode-cathode pulses be ng 5-30 
"and a duration of delivery of cathode pulses being 1-10 seconds, and wherein a current d-srty of the 
cathode pulses in the cathode regimen is 5-25% of a current density of the anode and cathode pulses ,n the anode- 
cathode regimen. 

3 A method according to claim 1 or 2. wherein the electrolyte is an aqueous solution of alkaline metal hydroxide; at 1- 
5 g/l. an alkaline metal silicate a. 2-15 g/l. an alkaline metal pyrophosphate at 2-20 g/l and peroxide compounds a. 
2-7 g/l (in terms of H 2 0 2 - 30%), 

4. A method according to claim 3. wherein the peroxide compounds are hydrogen peroxide and/or alkaline metal per- 
oxides or alkaline metal peroxo-solvates. 
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FIG. 4 
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